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which the etch- stop layer on the upper conducting zone serves as a 

protecting layer. 
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«*mfS. (b) 'i?X-A«)±fcjfiSR«Ji4 2* 
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(e) «(a[eo»ett««®*1.fl5iffi©J:»CX 

ttJiit. (f) m&w<Dm9^fmo±\zsiRmtmfn 

SnfcX^y 9^X h y -fttnom^Jiy^X h •> T'ftBS 
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(2) 



1 19 3 



tterosmtt««RiX'>i^< tt> 1 o©fifes©^«tt 
et. 

g»SKmSS:/'^3'-->i'"t-5lSt. 

2 ©xy g^>i'iet^&(»;^s*s«i='>x-A* 

[S}*js 2 3 ai*JS 1 ©^sMt^'x-zN^jaa-r a* 

j!ia3nfc'>'jax ws i.RiKT J s 
A>^s*?an-5««^^&^tj-t*»?Rt-rs^««^"?x 5o 

3 ] mmm 1 ©i»i3«:>5x-A&fiia-rs:?; 

^ t&*#a t-r^*»«^t'x-A&j!ua-r 
l»««4] 1 ©¥«*'>x-A&«iaTS:5 

frE^2©x5;^>i^ie©s^c, ms.t;x-/\ifi^m 

EX'v^X h ^/l/WttSXry^^-^fSXe^SlCflU^ 

s i t *i*a t-r s^^fr-fx-ASffla-rsm 
[ii*jg5] tt#«i©^ii3i*'>x-A*aia-rs:^ 4o 

Ry!A 1 *^6j4-s8*»6a«sn*tt»*^tjwts«t 
eifr«*»*'?x-y\&jffla-r5:&fe. 
til*W6l ^««c'>x-A$«iaT*:^»l'4$v^ 

T. 

":;i-A©a'«r©«stcfirBr2>ii-fiiffi*=rr*ifi»«> 

ffiB®»«tt««R2^^*< tt> io©ffiffiH®««tt 
««*»j^«sn-5 IC^X-ASSiSt-^xet. 
l5E':?x-y\oJifc¥afl:snfc»»R«SifeS»t«x 5» 



itsxst. 

v^x hS:ffloritrs»ftsiestT#r;sttft®a«s 



WE/^ 5' -X > n&«S»SISJS® «1'TWE«»®tt 

t icjS: <& S(iffiJSttH©««lttfi«®*t-(BIS'^»x 5" 
>y Sih»5* ^ J::^ SIB 1 ®X-;; 5^>d'XSt. 
i3Em®x^/?>i'xe®^tr, l.-3iiE*H'>'X 
M*t*fc*#«f SttffitcfeiiT. aiiEii5ttB®»«tt 
ffi«®i(Ei1-<aH®±Cx-:y^X h-;/ y'^^WS'SS*? 

anfcj|t^^s-csiRW»c«a3-e-5xst. 
itrE* h hS*<*^#ffiT5«iic*viT. kfe 
i«ffiBo»«tt««®-tts««tcJt«(anfcfliiEX5' 
^7. h :/;W»©g&xry5^x h t UTfflt* 

fl|&B®»®ttffi«»*1-<WB*'^' S(tE«ft®Sl«MP 
& WE/ ^ - X S nfc»6»Si«'i ^ ^ ^ ^"^ * 

ssaoxi/^vi'xet. 

mU^X-JMfi^t^ Mx- h D < xe t 

a^Mi^e/x-ASjaa-r-s^j*. 
[tt*S7] ii*JH60i»i«»fx-ASj!ia-rs* 

felrfeV>T, «ilEX-yf^Xhy:/«»*^«5«tt**L'. 
WES2©X-;;5^>i''XgO»t, ilE'>X-A*>6ffil 
EXy5^X h «;;:/**»*X.y5^>i/'r«xeS5Hfll^ 

srt&it*at-r5*«^':'x-A*j!ia-r5*fe. 

[||«JB81 i|i3»«^>?X-A«ffla-rs:^i*C:feV> 
T. 

'i7X-A®a'«r ©JiSS JCflCBf ?>i1-filS**'?'5**tt 

«*ft*fi?*U (a) «(il[fi©»«tt« 

m, (b) iiEjiseB®WflttM««fcO'bffiV>ffiBl::* 
;6-#Bti«Vi»«1t««> Rtf (c) ffittB®W«tt 

e«*^j^fltsn*i:5 i*'i'x-AS»j6-r«.xst. 

)gs*(iE'>x-A®±»ci9:W5xg t . 
iiE¥aftisn&»»ils^®-t«-* h vi^x Missa: 
tjsigt, 

«rE*^^-:^/^^*^«SJl£^a"^^»^• i(rE*hv 

i^x h sao TlW3ie»K«e®-bBS*T?#^^«>^S»® 

i;sa»c®ft«MP «:iiiirr 5XS t. 

|!lE/^^'-x>i'Snfc«etSI«a®«-Ct!lE««®« 
ttiBOST*'^X5;5^>i^t', taMttftttA^ff^jn* 
H t tJa:SliJEafi[B®»att««®i1-fflE'P^^^^ 



-592- 



(3) 

3 

warn 1 051 -J ^-^i^ieo^ ic, MBBiis&sroi^iitt 

WE*M'i?XhS*»'>X-A*»5>«lDK!*^nfcttffi JO 
W8BX •;; 5^ X h y SX •> h t 

g?ttiSP«i[E>''«^-->i'SnfctBi»Simetx>y5' 
>y-rs»2®X'y5^>i'X@i:*fll;t«.¥«»'?x- 

acfcv^T, wffi*M^v?xhsffiTSto^<xe*t. 

SdE® 1 ©X^;;9^>i/'Xg®STat)B(lEX'yf=-X h '7 

:/*t»ss«?WK«i9s-ti^xe®wic*ff ^ns d t 
siwsfrs^w^f^x-A&isa-r 

1 0 1 mim 8 ®4ii#(<c>>x-yNSia3a-rs 

L, i(E»2®X2;9^>yxSO«»C. WE'fX-A*^ 
5itEX'yf^Xh^y:3'«»SX!y5^>i/-rsXSSMt 

« 5 21 1 sri#a t-r ^¥ w# X- A srffla-r 
[%^®p«];&lfiwl 

[0 00 1] 

iM«±®f"jffl»»] i|i»«:'?x-/^®^aa 

[0 0021 

[tie«®ft«l ¥i»ft:'^7X-/N0ffl3HC*ViTtt, mil 

^Ij^Ci 1 t3{C*ViTH. a/rOxA-f XMt/tEIKitl 
^s-^/x-AJciftAisns. r:®;^inec, a*-5^ 
*;W>xi'W->'3> (ve r t 1 c a 1 Int 
e g r a t 1 o n : SiB:)&|nI®«8D tfl^tfnTt»S. 

*^<i: »3 «iiJc?s.5itanT, ^/x-Aoawsi^ttis^ 

OA— fe>hft*vitt-€-nei±t;/iD, Jiniiv Bffs® 
fej!as7 >^'-X'y5^>i^Rt;*-/txy5">j^-r«ia 

ffi»® a/aisrox ^ > i^&^sjaaxsTfr 



4 



*#S¥6-6 119 3 

>i;x-A®a'«r ® t ViT:*cfr < %»i"r^*^ ^Tffc 
[00 0 3] ±Eras,'Stt. 0 1 Rt^a 2 lca«Mfca^ 

^nxVi?.. SI &^BBf •&<!:. J}'-»«:';;X-A 1 0 
«. AJPi'SKl 2t. ffi'ffcifeW^^-JWHfiai 4 

®«16a. 16 b. 1 6 c ii«tt®5>':i-l 8 
a. 18 b. 1 8 c t*iS;^TV»5. 8®fiJfi8 
«. -«!CttKfl:'»T?*-S«»tt®^'^-*«^2 0C 

;&S2 2*t':;x-AO]iffll*"bfceuTv>«. :i®W 

®BWr&*?^S0B. S«l 6 a. 16 hlkV-^yi- 

1 8 c®±®fc»"r«««iMa=6x<y^>i^-r*::fr 

c®±ffi®ii5*«. fi«l6a. 16b®±ffi®S5«i: 

[0 0 0 4] Xy^>{f<DlBi<OfeimM.iflS2\zm^tlX 
gJttMn/iB»S2 4a. 2 4b. 2 4c*<. -tn 
€n®«16a. 1 6bRr^7>:M 8c®±:&0«» 

Ha2 4ctt. ^V'^-l 8 c©±ffi©«5S*TX<y^> 

2 4 a. 2 4bf'WL.Ttt. Ii«l 6 a, 16b©±ffl 

STaisw»::T*<-5J;5i'ie»H2 2 imzxy'j'yif 
•r-5!e«s***s. ■t®±5;'S:x.y^>y&5i€r^€rff5 

\zmm^^^rz.n&mm-i>^t\zf3i^. 

[0 0 0 51 ^>i-l 8 cB-jKC. WS l.XBT 1 
S l.l?®»fltt®J:OSl/^er'fft«)©±ffi*^t-*. 

ea*«fc«ii«*n5. ffiasms 2 2 bhrc. 

Jft^tttt. x«y5^>i^®fafcX>y^>'i'^*^JSjai 8 ct 
SiJiiLfc^/aJCfetiT. :i?iJv'U3><tD"b^tfi®S i 
0.*t|8i*iSn«4;5fcSlR-r*©*^*fFiUVi. 

MP 2 4 a. 2 4b®x«y5">i^Sgit«tf5 
5IIIJIC7>:>-1 8 c®«S3nfc«<6j*tA^^0®ajgX 
-;5^>y5n. l0lKi©aiBXtt@BS©^lifi*^TSCt 

[0 0 0 6] ±JgO>>:jSl«««-r5/i:«>»CiSfeff*>nT 
v»« 1 :3®^^$«tt;&ft«-*v»T«, y^hvxi'&JS 
U iiP2 a, 2 4b©Xyg=->i^^MP2 4c®X 

±0SS;a©X<;;5^>i/*fT^ilttt. *«fi««'>a 

j:nctfi:i;T^(W?)texe©3XhS:«*ait5. 

[00071 

[»W«»l»fit^<fc5tT«K®l *5EWOlWtt. IE* 

aiBicfii^ ij*©Rt«a®^jSi*«iB"^* :i t -psbs. 

> [00081 
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(4) 

5 

^l(OX'y^>i'iet. ±:|Bmi®X-v?>yie© 

nfc±SX «y 5=-X h -v :/'tt«BKOl S:X >y h 
Jg CX •> ^ :^ -5 » 2 ® X ^ i^XS i: Sr fit ^ 5 . 

[0 0 0 9] :^^mm\<omm\z^tni^ ^i^^mr^x- 
ASffia-rs^fttt. ':;x-A®a>«rwjasJwti«-r2) 

po±(;:7jxhUvXhB£ia:tt*xSt. ±l3*M-v M 

S:£«-r?.xat. JiEA^'-->i^Stxfc*6i»l!i«H 
o«t>T?±.sa»©«»Ma€:T:^'vx«>?->i^U. «a 

®^1-ffiJffl-CKXs;?->i'*Jh*2><t 5 Ktsm 1 ®xy 
Pia^£JiEA^'-=>i'S*^fc*S»R*®'-^"^^^^ 

•r«^2®x-;^>i'xet. ±.B'^x-/\-ti^^Hihv 



^P8¥6-6 1193 

CO 0 1 0] :$.m.m<DmziA<Di^m\zJ:ti\-i. 

(a) ii5ffiB®^«tt««> (b) ±SiBi&fi©S«tt 

ot (c) ^VLSomn^wimi^^^^^^^^''^^'- 
A*»js-r-5xst. ±E-»B«-iav^^«tt«««^ 

5iiaftSnfct6»««H*-tE'>x-A©±lci8»t5X 

et. jiE¥afl:*nfcffi»si«e®-t<j:*Hi'J^^^ 

H«i8tt^xei:. XE* h Vi^:^ H 

XE* h Wv:^ hSaoTXEI6ia8l«B®± 

ntucjcD, ±Eie»ii«H*aoTa*®sat:: 
a& ;5«fgtt®«s-e«'t;?>«»®»«i8 p «««-r 5x 
et. jiia;x^-->i'$nft:IBiRi)l«)B®*'P-tE« 

»®^ttMn&T5&'^x5;?>i^b, mfmn^mififf 

ton* 21 i: t «R«.±EilittH®««tt««®^1-«3fflT?K 
Xy^iVi'SJh** 21 tl-i '?SE»raP®m 1 ®»fflS: 
jgiau, ;inicj:0, XE^i®S«t±EttficS®» 
®tt®«®^WMffit®l8IKXE* 1 ®Kfil<fc 0 fe/hSfe 

^ 2 ®K8t&s-r<t 5 K-r*^ 1 ©xy^'^i'xet. 

XE^l®X^;^>i'XS®^l'« XESI(4B®^«tt 
^^©XE^l-fflBSwXt'Xy^'X H «;':^«»©>asS*? 

dnfc»**Ta#iwcitaa*s3:ei:. xe»i© 

Xy^>ifXm<D^Ki, XgEC'X-A7i>e.eT©*hV' 

i;xhSJSo»<xefc. xE'i^n^i^xbe*^^'^- 

A3&>eJRCKi*»nfc«ffiT?. XE?65&B©««tt«««^ 
X»ca««C«asnfc±EX«yg^X h'yy«»®B* 
? X5;5^Xh>y:/«S)itl^-Cffl»'»SCtCJ:D, 

^ffllHS-C, ±E«8c®«5«HaS±E>'^^'-x>i^* 

tiitimmmzxy^>ifr^^2 0)xy^>{fjM 
tooiil 

immm] !i-©f3F^fc«fcoi^-©B««wf0®*^ 
x©ff * u v»^«««®«jftifet^iw^-©«ia:^te*<a»* 

0 CO 0 1 2] eSJtH375MH5S#BIUTSf*U^i- 
^Jg«SlftWr-5. B13tt, 0 1 tl^»©':'X-A 1 0 

aSjRUTfeO, ;i©'>x-A»::tt, Kft«i®-7'r--n^ 

t. 7>:M8a, 18 b. 1 8 c t. «»ft©:^'^- 
■t>-«<b«&2 0 t*t»)«SnTVi5. aT©E«K*t^T 
B. ®«16a. 16 b, 1 6 cMrXC7>-^-l 8 c 
*t. 9^mmB Q. 3 2. 3 4, 3 6S:*n€n«r6tt 
ft®iSmtt««&}^dE l/T V» « t>© t bTiaiH SRtt 
SiH3 6tt, ||H«KI^-©iSSSfcife**ii3 0, 

50 3 2. 3 4©iastttiift*Tat)^S5jas©ffl«»- 
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fcS. 5>:>-18a, 18b feiE-n^n¥mtt®i1-fl3S 
3 8. 4 0&WL/T*iD. Z.tl^^%WAmM-<iy^ 

««3 0> 3 2. 3 4tt, fiV^&SJC 

JKC ws i . xHT i s i . ^<oy-i"<b^*^e>^ss*^ iO 
[0 0 1 31 ±ffi4 4«#-r-6¥a<k:3nfci6««me 

SnTffi»a)Sfii«nfcraP2 4 a, 2 4 b, 2 4c*> 20 
Ji&»3iUTiKiiSSSeB©±S4 4 ic^U 

[0 0 141 04*#fla-r«>t. ic-vv'j>7svm'k^ii^ 

^^S^ttbTtJS^ffl-C. gfflC«ttMn2 4a, 2 4 
b, 24c*t, ffi»B4 2«)«t"sT:trCX';/f^>e^S 

ffise-cx'y^^vi^d^ffirs. #u->"j:3x ws 1 
.ROT 1 s i.c^^bTiffv^aiRtts^-rsxyf^^y 

©•(fc^fidiO-WfcftViTti, 7 0 0 7-;' 
CHFj, Ar&r^CFi&iE-n^nS 5 s c cm, 6 0 
seem, 25sc c m®»l&T?ieT. CinCiD. ft 
«Mn2 4a, 2 4 b®aiD®SfB4 8*tm^SnS. 
StD^ftelp^lBlwxryg^^yrofi^lc. jaSB®«« 
tt««®^1-<WE3 6 ®±KX5;?:^ hS':^tt»A>e^S 

Ji5 0!6^s«isnfcis*-*TS«wt*t«$n?>. us 

S. -MtLT, "^JWy^V Wo 1 f e t a 1. ) 
H. ■t®J;5»ft««H*L.TVi5 ("Silicon 
Processing for the VLSIE 
r a. Vol. 1-Process Technol 
ogy" 04 0 2-4 0 3H: 1 9 8 6^C*U7*JP 
x7*H-9->'-fey Mf— f^®L attlce Press 

*^55fT) . fi&oK^^Wilfexyf-;^ h»y 

Ttt, T i S 1 . RtXA 1 *^»-£.. -tOi^i^SSiWfi: ^ 




4#M¥6-6 1 1 9 3 

Jt«®ffil®«»J«*fc. 19 9 1 V LSI C o n f 
erence Proceedings "rfSS^ftlfc';/ 
*:J-'JJ1- (Tsunena r i at al.)®8aX 
("Electrical Characterist 
ics Of Selective Tungsten 
Plugged Contacts Under Th 
e OptimizedConditlon") ICM^ 

[0 0 151 H5fe#B9-rsi:, Ji^ hWi^X 1-^4 6*t 
*/*^ftfS«JBr. «ttHP2 4a. 2 4b*l. )\9 

-:i>'i'snfc^tt<*4 2®t|"vX'y5^>i/sn. « 

^W&ft»*ff 5 S fifi[B®«mtt««c®i1-ffllffi 3 
0, 3 2CSUT«50, -^-ORCtt, ;i®^2®X^;^^ 
>i!^*fi-5M®X';/5"Xh'y:/ffaatUT, Xy^'X 
h «y 5 0 dSii5Cl:B®S^tt^«®^1-<®ffi 3 6 0±f; 
Slt^n-5. S4 2*<S 1 Oa*>^J*0, 0®*J*f 
*JW*^ ^ ^ -5 «■& ® X ^/ ^ > i/'®<b¥fflfK O-M i I' 
T, Jii£®±5C, 7 0 075; h®S^FT?, CHFi, 
ArRy!CF4'£^-n-6n3 5 s c cm, 6 0 s c cm 
RyJ2 5 s c cm®8fl'&'Cffi'4':^ffi*^*S. C®*'&H 

tt. ^'>i/x5^>'C»"r«>s 1 oi®s*?WftX5>?> 
i/®a!i'&*n 0 : 1 1*:2>. S5 o®M«?sn&Js* 

tt. il-ffilffi 3 0, 3 2 IC«-r5Xy5='X h V 

«td5 0®«T®tt<BJ«t[855fe$naV»i:5t, *ffS 

5 0®»*L.V>F?*-®fl'3ttift2 0 0 O^Vi^Xhn-A 
-e®*, ':;X-AA>6*H/i^Xha4 6*^Bl 

[0 0 1 61 :i.v^7^yv^l^^ Ott, 
mtt®«is}A.e«i«i-5-i:**T€r*. 

WtUTtt, S l»N4ff®«{b'»*^»*. X-y^Xh5/ 
ItTJSIttrao 2 4c **«U cnct DSSR 1 8 c t 

aawicffiai-r^wic, xs;^xhy:/«»4':7x-A 
6 X y ? > i^f -SBJoxes® 2 ox > i^o^i:: 

[0 0 171 *S6W©i^SW^v^»S:06 7IrSE8*# 

TH 3 »5E 5 O^JSWO^^t l^-©1^^&fflV^T*5 

©«F^»C** fx J S(*L.T*S. 06 11, ^Snfc 
<?X-A«jgl 0 xS^UTV»5. -i^X-A®»rfrl 0 
X 4 2 X *«iAT*5 D, r ®Ra/iB«F^ 1 0 

a t?^-rflififi«©SI«H 4 2 J; D t>:*:^)SW»&*f I'T 
KTKisi-iTtt. H4 2x*t. a^oj:'5lc»l 
©|g« TAJ ft:lti1-<BIS3 8, 4 0 (t1»^B®»«tt« 
A^e>±:35'^litl&±tB4 4x&Wr5'bOtl'TSi 

[0 0181 H7&#M-r%t. Ji^hwi^xhAnssn 

» at3/t^-X>i^SnT:fcD, «ttiiP2 4a, 2 4 
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(6) 
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b. 2 4c*tmi»Xv^>f^*§lt, 

o*<snt6nxv»«». ±iB®mi«)X'>?>^a. ^» 

MP 2 4 a. 2 4b»lll®Sffl4 8i:<S;(iS®««ii 
M«ro51-fflW3 0. 3 2 t©WC:m2©X>y5'>i'^» 

fBj <tO'b:/tS<'>. C©H«Ktt, 037550 5®^ 
[0 0 1 91 iSEWi^lr TAJ fBJ ^0'^:^^^^ 

M€Stt« 5i^h^•:^x^'&ffl^»•5-t;^<'E^«>^^4 2^ 

X>y9^>ifl/. ^ttB8a2 4a, 2 4 b Sil-filffi 3 0 . 
3 2K:iRHtTT:*?'^Sfi-r;itSnIfiEI-t-5. Xy5^> 
i^^^ TBJ *^X-y5^>i^^S TAJ iOfc'hSV^ro 
T?. 134 2®*J«*^;fc:fiCli^*^nT±®3 8, 4 0*t 

iz. S3 0. 3 2-CX-y^Xh'y^*^*1'2>^^l'^'f 

[0 0 2 0] j:5S©fii^«tt. air©«s&*-r«s^s 

|sfAt^-net-hx-yg^>*'$n*®*86ib-r«.35ftW** 

[0 0 2 1] J:6E®^xett. 14*«CttN-®StB® 
1i®7C®tt11-P*fT-r-5-^:«'"^*S- AME 5 0 0 0 

nmmmmoirMii^ ^;x-/N&«^^Haic*v> 

mu 



[0022] 
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[01] «e3fe®tttl5®JlTlJiWbfcii£*fi*tr®'i'X-A 

[02101 »r*-rji!iaxe®^®fiiiii8i'*'5H i 
[031 *i6ii3c?£oTfflaansijiS#'?x-A®« 



[041 03i::*-r«iaxg®^*:®ffiax8iw»s03 
[051 04ica^T«iaxs®?^c®«iaxe{ci&s03 

©«?X-A®«IStt«:Brffl0-t?»«». 
[061 *58M»c(i£oTJ!ia$n?.{^#W&¥»»'i'X 

-A®«KW*»fffi0T* 

[07] 0 6c^-rsftaxs®^®ffiaxgc»5a6 

©i?x-/N®«t»5Wa:ifffi0'^**- 

[08107 ic*-rj!!iaxg®*®5asixec*5B 6 

©«;;x-/^©«»SWi'S:»fffi0^rS>*. 
[:Rf^®SiW] 

10a. lOx J|i#*'?X-A 2 4a, 2 4b, 

24c mmo 

3 0, 3 2, 3 4, 3 6 JVfflffi 42, 42x W 
5 0 X'y'^7,\"y':ffS 



[021 
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*-rX5-'V-> 3374, 7/^-h^> 
h 304 
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